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A Calibration Method for Multi-camera Systems Using Planar Patterns

TosHIO UESHIBAt and FUMIAKI TOMITAT

A new calibration algorithm for multi-camera systems using a planar reference pattern is
proposed. The algorithm is an extension of Sturm-Maybank-Zhang style plane-based calibra-
tion technique for use with multiple cameras. Rigid displacements between the cameras are
recovered as well as the intrinsic parameters only by capturing with the cameras a model plane
with known reference points placed at three or more locations. Thus the algorithm yields a
simple calibration means for stereo vision systems with an arbitrary number of cameras while
maintaining the handiness and flexibility of the original method. The validity of the proposed

Dec. 2003

technique was verified through simulation and experiments with real data.
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Fig.1 Consistency constraint in relative displacements
between cameras.
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Fig.2 Geometrical configuration of cameras and model

planes.
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Fig.4 Spatial configuration of the simulation experiments
(top view).
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Fig.5 Errors in focal length, aspect ratio (left) and principal point (right) vs. the

noise level (d = 50 mm, 0 = 15°).
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Fig.6 Errors in position (left) and orientation (right) vs. the noise level (d = 50 mm, 6 = 15°).
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01 s500000000000000000000DO0
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Table 1 The number of failures in the optimal estimation
for 500 trials (d = 50 mm, 6 = 5°).
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Fig.7 Errors in focal length vs. the distance between the
planes (6 = 15°).
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Table 2 Estimated camera parameters from 6 planes (with lens of f=8 mm).
parameters first camera second camera third camera
initial final initial final initial final
k 1092.42 1085.84+0.98 1099.75 1093.27+£0.94 1114.19 1110.85+0.95
(uo, vo) (321.06 (318.1840.85 (352.36 (354.0240.87 (376.67 (373.8540.82
218.16) 217.0340.88) 236.03) 235.4940.87) 227.68) 226.0010.89)
a 1.00962 1.00829+0.00334 1.00803 1.00809+0.00321 1.00907 1.00600+0.00337
s -0.00192 -0.0012240.000592 0.003798 -0.001075£0.000582 0.001506 -0.001251+0.000603
t (mm) © (0+0 (154.12 (154.3040.32 (72.36 (72.4240.20
0 0+0 0.89 0.93+0.18 -74.33 -74.114+0.20
0) 040) 22.66) 22.37+1.30) 19.88) 19.6241.14)
0 (deg.) (0 (0£0 (-0.27 (-0.3140.06 (-7.56 (-7.56+0.06
0 0+0 -12.55 -12.4040.06 -3.73 -3.754+0.06
0) 040) 0.55) 0.5740.01) -1.18) -1.1240.01)
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Fig.9 Singular values of measurement matrix
before/after rescaling.
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(b) After distortion correction
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Fig.10 Two images of the model plane before/after
correcting radial distortion.
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Table 3 Estimated camera parameters from 6 planes (with lens of f=4 mm).

parameters first camera second camera third camera
k 524.11+1.91 523.24+1.75 524.10+£1.90

(uo, vo) (325.3042.67, 259.2142.52) (324.5842.75, 231.5842.32) (370.1142.84, 242.4742.46)
a 1.002324+0.00660 1.0006440.00755 1.000334+0.00633

s 0.000478£0.001547 0.002663+0.001982 0.000412+0.001336

el -0.44198+0.01201 -0.42998+0.00916 -0.41196+0.01891

eg 0.26600+0.04076 0.23063+0.02404 0.192589+40.08473

t (mm) (040, 040, 040) | (132.0640.60, 0.05+0.57, 11.82+2.63) | (1.25+0.74, -133.55+0.93, 17.731943.55)
0 (deg.) (040, 0+0, 0+0) (0.9240.36, -8.510.41, 0.34+0.07) (-8.2540.37, 4.93+0.40, -1.00+0.06)
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(b) Reconstructed 3D structure: top, upper-side and front views
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Fig.11 3D reconstruction from three images captured by
calibrated cameras.
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